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Introduction
The aging process results in body alterations that can interfere with the functional capacity and independence of the elderly to perform daily activities. Thus, assessment of physical capacity of the elderly commonly involves functional tests, such as muscular strength and flexibility, which are directly involved in the performance of these activities. 1 Handgrip strength (HGS) is an important indicator of overall muscular strength, 2 and is the most appropriate measure for evaluating strength, as it does not require great physical effort on the part of elderly. 3 This measure is of great scientific and outpatient value, as muscular strength deficit may be related to incapacity and dependence in elderly individuals. 4 Flexibility, has also been used as a way to assess the functional capacity of the elderly, considering that impairment has major implications on movement efficiency. 5 The aging process is accompanied by a loss of flexibility, usually associated with mechanical and biochemical alterations in the musculoskeletal system, which compromise the range of motion, thus reducing flexibility in different segments. 6 In addition to functional alterations, the aging process results in bodily changes, which can impair the strength and flexibility of the elderly. Muscle mass decreases substantially, which is the main factor related to loss of strength. 3 Body fat tends to increase during the first decades of aging, and to decrease in later decades of life. 3 Moreover, there is a redistribution of adipose tissue, decreasing in the region of the arms and legs and accumulating in the trunk and viscera. 7 Considering the alterations in strength, flexibility, fat, and muscle mass caused by aging, studies have been performed in different areas of the world in order to evaluate the influence of age and body alterations on the functional capacity of the elderly, [8] [9] [10] [11] [12] considering that these alterations, as well as advancing age, can lead to functional limitations, affecting the quality of life of elderly individuals, exposing them to high morbidity and mortality risk. 13 There are few studies conducted in Brazil that evaluated the correlation of anthropometric variables with handgrip strength and flexibility of the elderly. 4, 7, 11, 14, 15 Of these, only the study by Barbosa et al. 4 evaluated the influence of anthropometric variables on handgrip strength, in a representative sample of the population.
The scarcity of studies in Brazil evaluating the influence of anthropometric variables on strength and flexibility makes data comparison in elderly from different regions of the country difficult, leading to the use of international studies for this evaluation. This fact results in certain limitations, considering the differences between the populations. 16 Thus, Onis and Habicht 17 emphasize the need to determine reference values for the elderly population according to gender and local conditions. Therefore, this study aimed to investigate the correlation between anthropometric variables and age on HGS and flexibility of the elderly. It is expected that this study can provide information on the factors associated with alterations in strength and flexibility, helping to compare with the elderly from different populations.
Methods
This was a home-based, cross-sectional study with primary data collection, and is part of a larger study that aimed to conduct a multidimensional health assessment of the elderly individuals enrolled in the Family Health Strategy in Campina Grande, state of Paraiba, Brazil.
According to information from the Department of Health in 2008, there were 23,416 elderly enrolled in the 63 basic family health units (unidades básicas de saúde da família -UBSF) in Campina Grande, distributed in the six health districts of the city. The sample size was calculated with an estimated prevalence of outcomes of at least 25%. The sample size calculation was performed using the following equation: 2 , where E is the confidence limit (1.96), c is the sample correlation coefficient (2.1), as it was a conglomerate sampling, and A is the acceptable accuracy for the estimated prevalence (A = 6%). The sample was proportional to each health district, consisting of 420 elderly individuals.
Individuals aged 60 or older, of both genders, were selected for the sample. Elderly individuals with diseases that had no therapeutic options, those with severe clinical weakness, and those who were absent from Campina Grande longer than the duration of the fieldwork in their respective UBSF were excluded. Moreover, exclusion criteria were established for each functional test (HGS and flexibility).
Fieldwork was carried out from August, 2009 to July, 2010, by three pairs of trained interviewers. The variables evaluated were: gender, age, HGS, flexibility, arm muscle circumference (AMC), corrected arm muscle area (CAMA), and body mass index (BMI).
Handgrip strength
HGS was measured using a manual hydraulic dynamometer (Takei Kiki Kogyo Dynamometer ® TK 1201 -Japan), adjusted for each individual according to hand size. The test performance was conducted according to the techniques proposed by Rantanen et al. 18 Elderly submitted to arm or hand surgery in the three months prior to data collection were excluded from the test.
Flexibility/mobility
The flexibility/mobility test used in this study was the "pick up a pen" test proposed by Reuben and Siu. 19 The elderly submitted to cataract or retinal surgery in the six weeks prior to the interview were excluded from this test. The test was not performed with elderly individuals who were bedridden or wheelchair-bound or those that, for some reason, could not stand up.
Anthropometrics
Weight and height were measured to calculate BMI, which is the ratio between weight and height squared (kg/m 2 ). The weight (kg) was measured with a portable digital scale (TANITA UM080) with a 150-kg capacity and 100-g sensitivity. Height (m) was measured on a portable stadiometer (Altura Exata). Weight and height were measured according to the techniques proposed by Gordon et al. 20 Muscle mass was assessed by AMC and CAMA. Triceps skinfold (TSF) and arm circumference (AC) were measured to perform the calculation. AC was measured based on the techniques by Callaway et al., 21 using an inelastic tape with 1-mm accuracy. TSF was measured according to the techniques proposed by Harrison et al., 22 using a Lange compass with a constant pressure of 10 g/mm 2 . The AMC was calculated through the following equation: 23
CAMA was calculated through the equation proposed by Heymsfield et al.: 24 Men:
Statistical procedures
The elderly were grouped according to gender (male and female) and age group (60 to 69 years, 70 to 79 years, and 80 years or older). HGS, flexibility, and anthropometric variables are shown as mean and standard deviation (SD). The statistical significance of differences of means between the genders was verified using Student's t-test. One-way analysis of variance (ANOVA) was used, with Tukey's post-hoc test, to verify the effect of the age group on HGS, flexibility, and anthropometric variables. To determine the influence of age, BMI, AMC, and CAMA on the variability in muscular strength and flexibility tests, bivariate (Pearson's correlation) and multivariate (linear regression) analysis techniques were used. The stepwise method was used for the inclusion of variables in the multiple linear regression equation. A 95% confidence interval was used in all analyses. Statistical data were obtained by using the Statistical Package for Social Sciences (SPSS) software, release 17.0.
Ethical questions
The larger study, of which this study is part, was submitted to and approved by the Research Ethics Committee (REC) of the Universidade Estadual da Paraíba (UEPB) (CAAE: 0228.0.133.000-08). The elderly, after accepting to participate in the study, signed an informed consent, in accordance with the Resolution 196/96.
Results
A total of 420 elderly patients (68.1% women) were interviewed, aged from 60 to 104 years. Mean age was 71.57 years (± 9.19). Of the 420 elderly patients studied, 417 underwent the HGS test, and 368 underwent the flexibility test. It was not possible to calculate the BMI of 24 elderly, considering the difficulty or impossibility of measuring their weight and/or height. AMC and CAMA were calculated in 418 elderly. Table 1 shows the information regarding the means and standard deviations of the HGS and flexibility test values and anthropometric variables, with respective significance values of the mean differences between the genders and age groups. The mean HGS value was significantly higher in men (31.0 ± 8.8 kg) when compared to women (19.1 ± 6.1 kg) (p < 0.001). The mean HGS was higher in the age group of 60 to 69 years in both genders. Women showed a significant difference in HGS among all age groups. However, men only showed a significant difference between the groups of 60 to 69 years and 80 years or older, and 70 to 79 years and 80 years or older.
No statistically significant difference was observed between men and women, nor between the age groups, in the flexibility test.
In the female gender, the mean BMI was higher (27.7 kg/m 2 ) than in males (25.8 kg/m 2 ), with statistically significant difference between means (p < 0.001). The mean AMC was significantly higher in males (24.8 cm) when compared to females (23.6 cm). No statistically significant difference was found between the mean values of CAMA and gender.
Regarding BMI, when comparing age groups, a significant difference was observed among them in women; this difference was observed between the groups of 60 to 69 years and 70 to 79 years with the group 80 years or older. Regarding AMC and CAMA, a significant difference was observed in both genders between the group of 60 to 69 years and 80 years or older. Table 2 shows the results of the bivariate analysis between HGS and flexibility/mobility with age, BMI, CAMA and AMC, according to gender. Age showed a negative and significant correlation with HGS in both females (r = 0.49) and males (r = 0.37). A positive and significant correlation was found between HGS and BMI only among women. The variables AMC and CAMA were positively and significantly correlated with HGS in both genders.
In women, no significant correlations were observed between flexibility/mobility and age, BMI, AMC, and CAMA. In men, there was only a significant positive correlation between flexibility/mobility and BMI. Table 3 shows the multiple linear regression model for the variables HGS and flexibility/mobility, according to gender. After testing all the variables that showed significant correlations, the results show that, in women, the variables age and AMC significantly predicted 24% (R 2 = 0.24) of the HGS variation. Among men, only age (R = 0.367) showed a predictive value, explaining HGS variation in 13% (R 2 = 0.13). The multivariate analysis was performed only for flexibility/ mobility in men, as women did not show statistically significant correlations. Only BMI showed a significant correlation with flexibility/mobility (R = 0.188); however, with a low predictive value (R 2 = 0.036). The other variables were excluded from the model due to strong collinearity.
Discussion
Aspects related to bodily and physical changes resulting from the aging process have been studied worldwide. 6, 13, 15, 19, [25] [26] [27] Alterations in strength and flexibility, as well as in markers of reserve muscle mass and body fat, are subjects commonly assessed in studies in Brazil, 1 studies. 10, 12, 13, 16, 18, 25 However, no studies were found in Northeastern Brazil and, therefore, in Campina Grande, state of Paraiba, aiming to evaluate the association between these variables, which makes it difficult to compare this information with national and international data.
This study verified the correlations between anthropometric variables and age with motor tests in an elderly population. The bivariate and multivariate analyses showed a correlation between age and anthropometric variables with motor tests, indicating a probable influence of these variables on physical performance in the elderly.
The motor performance tests used in this study were those described in the SABE (saúde, bem estar e envelhecimento -health, well-being, and aging) study, performed in São Paulo -SP. 30 The HGS test was used to assess muscular strength, which is a measure of overall muscular strength. The flexibility/mobility "pick up a pen on the floor" test assesses the individual's capacity to bend to the ground in the shortest possible time, and is therefore an activity related to the flexion of the hip and lumbar spine. The term "mobility" was used together with "flexibility", considering that this test also depends on muscle power generated in the lower limbs and spinal column.
In this study, the mean value of the HGS in the elderly was significantly higher in elderly males when compared to females, corroborating the results found by Marucci and Barbosa, 1 in a study in the city of São Paulo, Brazil, which showed higher HGS values in men than in women. Studies conducted with elderly individuals from different countries have also showed similar results to those obtained in the present study. 2, 8, 26, 31 These findings may be due to the fact that men have higher reserves of muscle mass than women, 8, 10, 16, 28, 32 which may explain the greater muscular strength in men, considering that the skeletal muscle is the main organ responsible for the generation of physical strength, 33 with its decrease being specific for each muscle group and type of contraction. 34 When assessing the mean flexibility/mobility value, a lower mean value was observed in women when compared to men; however, there was no significant difference between the genders. Differently from what was observed in this study, a study carried out in elderly individuals in São Paulo-SP, using a methodology similar to that of the present study, observed that men performed the flexibility test in a shorter mean time than women. 1 It is noteworthy that this test assesses mobility through the time taken to complete the test and, therefore, limiting factors such as body differences between populations, and osteoarticular or muscle diseases could influence test results. Dantas et al., 6 evaluating flexibility through goniometry, observed higher degrees of joint and muscle range of motion in females in almost all joints assessed. The higher degree of flexibility observed in women can be attributed to the fact that they have less dense tissues than men, which favors greater flexibility. 35 Furthermore, factors other than gender, such as exposure to nontransmissible chronic diseases, can influence flexibility. 6 In this study, it was observed that men had a higher mean value regarding the time necessary to perform the flexibility test, but without statistical significance. In a study with physically active women, a higher mean flexibility value was observed in the group aged 60 to 69 years, when compared to the group aged 70 to 79 years. 36 Other studies with individuals of different ages have shown greater flexibility in younger age groups. 6, 37 The variables BMI, AMC, and CAMA are commonly used in studies with the elderly. 7, 16, 17, 25, 29, 31 The mean AMC and CAMA values were higher in men than women. However, significant differences were observed between the genders only for AMC. Studies reporting greater muscle mass in men compared to women are common in the literature. 14 to physiological factors such as the concentration of certain hormones (testosterone, growth hormone), which increase muscle regeneration in males who, therefore, have higher muscle concentration. 32 It was observed in this study that both men and women in the group aged 80 years or older presented significantly lower mean AMC and CAMA values compared to the group of 60 to 69 years. Studies have shown lower mean values of the variables indicative of reserve muscle mass in the elderly at advanced age groups. 25, 29 This reduction in muscle mass is expected, as the aging process results in alterations in nervous coordination and hence in innervated muscle action, in addition to a higher prevalence of stasis, thus contributing to muscle mass reduction. 33 The muscular atrophy is also associated with muscle disuse, often related to physical inactivity, whose prevalence is high among the elderly. 27 When assessing BMI, a significantly higher mean value was observed in females, when compared to males. A similar result has been observed in other studies with the elderly. 13, 16, 25 The highest BMI in women can be attributed to the fact that women exhibit weight gain for a longer time than men, reaching a plateau, usually around age 75, while in men this plateau occurs around the age of 65, when it starts to decline. 38 When comparing the age groups, there were significant differences in mean BMI only among women. In a study of elderly individuals conducted in England, a lower mean BMI was observed in older participants; 26 similar results were found in the study of Perissinotto et al. 16 In the bivariate analysis, where the correlation between the variables was evaluated, a significant negative correlation was observed between age and HGS. The results of the present study were similar to those found in a study of elderly individuals, in which there was significant negative correlation between age and HGS (r = −0.62). 28 Data from this study are also similar to findings in a study conducted with elderly men in São Sebastião-DF, in which there was a significant negative association between age and HGS (r = −0.46). 39 This correlation between age and HGS can be explained by the fact that there is a linear association between age and the sarcopenia process, as the aging process results in muscle mass reduction. 32 Among the factors related to muscle mass decrease are the reduction in muscle area, decrease of motor units and type I and type II muscular fibers, and a reduction in the size of muscle cells, especially type II, responsible for fast contraction, which are required in muscular strength tests. 34 When analyzing the correlation between HGS and anthropometric variables, this study showed that HGS had a significant positive correlation with BMI only in females. Similar to this study, a study in individuals aged between 20 and 70 years in Nigeria observed a positive and weak correlation between HGS and BMI only in the female gender (r = 0.12), albeit with no statistical significance. 8 However, a study carried out with individuals aged 18 to 65 years in Malaysia showed no correlation between HGS and BMI. 12 Underweight individuals have less muscle mass and therefore have less muscular strength. 4 This statement confirms data from a study conducted in Malawi, with individuals aged 55 years and older, which showed a moderate and positive correlation between HGS and BMI in men (r = 0.61) and women (r = 0.50). 14 It is important to emphasize that the lower mean BMI found in this study may have influenced the correlation.
The low positive correlation observed between HGS and BMI in females, as well as the lack of correlation of these variables in males, suggests that excess weight verified by BMI is not a determinant factor for greater muscular strength in the elderly this study. On the contrary, a higher fat deposition may result from muscle disuse, which characterizes muscular strength decrease. 33 It was observed that HGS had a positive and significant correlation with AMC and CAMA, in both genders. This result is similar to that observed by the study of Chilima and Ismail, 14 in which there was a positive correlation between HGS and AMA in men (r = 0.39) and women (r = 0.37). In a study of adults and elderly people living in São Paulo -SP, there was a significant positive correlation between HGS and AMC (r = 0.45). 15 Other studies evaluating the association between muscle reserve and HGS have also observed similar results. 4, 18, 31 This finding suggests that variations in anthropometric indicators of muscle reserve can interfere with the HGS of these elderly.
The linear regression result shows the contribution of age and AMC to HGS variation in women. In men, only age had a predictive value for HGS variation. In the model obtained by Ismail and Chilima, 14 the joint correlation of age, height, and AMA contributed to 30% of the HGS variation in men and to 24% in women. Variables evaluated together had a higher correlation rate for men (R = 0.55) and for women (R = 0.49) than when analyzed independently. The variable age was one of the factors that showed the greatest influence on muscular strength, as in this study. The equations generated from the linear regression have been found useful in HGS estimations. 10 AMC also correlated positively and significantly with HGS among women, whereas the same was not observed among men. Other studies evaluating the association between HGS and AMC observed a positive and significant correlation between these variables; however, these studies did not stratify the assessment by gender. 15, 31 In this study, BMI correlated positively and significantly with flexibility/mobility only in males. Although this correlation was significant in the multivariate analysis, it was observed that BMI had a low predictive value. A study conducted in São Paulo, Brazil, which sought to investigate the association between the nutritional status with motor performance tests (among them, flexibility), found no significant association between BMI and flexibility in both genders. However, women with higher BMI took longer than those with a BMI equal to or below the normal value, indicating less flexibility in individuals with higher body mass. 9 The influence of excess weight on worse flexibility performance has been reported by authors such as Bannerman et al. 13 in an anthropometric study with elderly individuals in Australia, suggesting that elderly who are overweight or obese are at risk for limitations in physical function and mobility. The concentration of adipose tissue around the joints possibly increases the friction between the joint surfaces, reducing myoarticular stretching capacity, thereby reducing flexibility. 40 Furthermore, a larger body size may hinder test performance, partially limiting the range of motion. 9 However, the presence of a correlation between BMI and flexibility, due to the effect of adiposity on the difficulty of test performance, does not exclude the possible influence of other factors.
A study carried out in young adults evaluated the correlation between muscular strength and flexibility through linear regression and showed no association between the variables, which were, therefore, independent. 41 This suggests that the variation of anthropometric indexes such as the AMC and CAMA, indicative of muscle reserve, would have influence on flexibility.
No studies using BMI as the variable predictor of alteration of flexibility in the elderly were found, making it difficult to compare the results observed in this study with others.
Conclusion
The results of this study suggest a possible influence of age and anthropometric variables on muscular strength in the elderly; age was the most important factor. Regarding flexibility, only BMI was shown to influence it, suggesting that older adults with higher fat accumulation have more limitations when performing flexibility tests. The reasons for the lack of a linear correlation between flexibility and the variables of muscle reserve (AMC and CAMA) for all the elderly are not clear.
Further investigations must be conducted to study the motor performance of the elderly, considering the physical alterations they experience. It is also suggested that other studies use tests to analyze lower-limb performance, as well as other anthropometric variables indicative of muscle mass and their possible associations, such as the "sit-to-stand test" described in the SABE study, 9 and calf circumference.
The present work, such as others, has limitations inherent to cross-sectional studies, since even though correlation has been demonstrated, it does not determine cause and effect among HGS and age and anthropometric variables. Thus, longitudinal studies on the functional capacity of the elderly and the probable factors related to these alterations in representative samples of the elderly population are needed in order to increase knowledge on this subject, and generate results that can be used for comparison in elderly from different regions of the country and the world. Additionally, it is recommended that the variables are stratified by gender and age group, due to alterations inherent to the aging process.
